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Abstract

Aim: In this study, we aimed to define the prognostic value of two factors related to angiogenesis and adhesion processes of head and neck squamous cell
carcinomas. The prominent angiogenesis molecule is vascular endothelial growth factor (VEGF). The vascular cell adhesion molecule (VCAM) first attracted at-
tention more than two decades ago as endothelial adhesion receptor with key function for leukocyte recruitment in term of cellular immune response. Material
and Method: 35 patients with head and neck squamous cell carcinomas were enrolled in this study. The control group consisted of 20 people who had no sign
of regional or systemic diseases. 33 patients were male and 2 patients were female. Mean age was 59.7 years (28-76). Results: We showed that VEGF levels
in the patient group were significantly higher than in the control group (p=0.001). However, when comparing the VEGF levels of different stages, there was no
statistical significant difference between the stages. Discussion: Serum VEGF levels can provide sufficient information for the early diagnosis of the disease
but prognosis may not be evaluated according to the results of our study. VCAM levels were not specific and sensitive to use as a tumor marker but VCAM may

be a valuable factor to determine the prognosis and tumor aggression in cancer patients.
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Introduction

Head and neck cancers include malignant tumors involving vari-
ous anatomical sites, such as the oral cavity, oropharynx, hypo-
pharynx, and larynx. Predominantly, these tumors are squamous
cell carcinomas originating from the epithelium that lines the
upper aerodigestive tract [1]. Squamous cell carcinomas of the
head and neck (HNSCC) have the sixth highest incidence rate
globally [1].

Tumor cells produce many biochemically detectable molecules.
Many molecules have been studied for the use of early detec-
tion of squamous carcinomas of the head and neck. There is
still a need for highly specific as well as sensitive tumor mark-
ers for early detection of head and neck squamous carcinomas.
Angiogenesis and adhesion processes are two important mech-
anisms of tumor progression and metastasis in tumor biology.
Angiogenesis is consequential for the growth of both primary
and metastatic tumors demanding blood supply to grow over
the size of 1 or 2 mm (1-5). The prominent angiogenesis mol-
ecule is vascular endothelial growth factor (VEGF) [5-14].
Adhesive relationship between extracellular matrix and the
cells in cancer biology is important. Adhesion molecules such
as vascular cell adhesion molecule (VCAM), intercellular adhe-
sion molecule (ICAM), and N-CAM like adhesion molecule have
been described [15-21]. All of these molecules are thought to
play a role in tumor invasiveness and tumor aggression but the
mechanism of this function is still not clear [15-21]. Adhesion
molecules are believed to take part in the process of metastasis
but here again the exact mechanism is not clear. The possible
roles of soluble adhesion molecules in the prognosis of head
and neck carcinoma deserve further elucidation and evaluation.
However, some studies show that the level of circulating adhe-
sion molecules such as VCAM is higher in cancer patients than
in the normal population [15-21].

As new treatment options against angiogenesis and adhesion
processes have been introduced, the determination of angio-
genesis and adhesion profiles in carcinomas has become more
important.

In this study, we aimed to define the prognostic value of serum
VEGF and VCAM.

Material and Method

35 patients with head and neck squamous cell carcinomas were
enrolled in this study. The control group consisted of 20 people
who had no sign of regional or systemic diseases. 33 patients
were male and 2 patients were female. Mean age was 59.7
years (28-76). In 29 patients, the American Joint Committee
on Cancer (AJCC) staging manual was used to determine the
stage of the diseases. In all patients, the pathological diagnosis
was squamous cell carcinoma. Blood samples were obtained in-
travenously, placed in an EDTA tube, and transferred to Ankara
University Medical School Immunology Laboratory. The study
protocol was approved by the local ethics committee and con-
ducted in accordance with the ethical principles of the Declara-
tion of Helsinki.

A quantitative enzyme-linked immunosorbent assay (ELISA)
was performed twice on each sample to measure the concen-
tration of soluble serum VEGF and soluble serum VCAM-1. A
commercially available ELISA kit was used (Cytelisa Human

VEGF Immunoassay, College Park, MD, USA). Serum samples
from all patients were incubated for 30 minutes at room tem-
perature and centrifuged for 10 minutes at 5000 rpm. The
CYT ELISA kit measures the free cytokine in serum using the
sandwich enzyme immunoassay technique. The kit includes
VEGF 165 variant. Serums were duplicated on microtiter plates
coated with a monoclonal antibody specific for VEGF. Next, any
unbound substances were washed away and an enzyme-linked
polyclonal antibody specific for VEGF was introduced. This was
allowed to incubate for two hours at room temperature, and the
plates were washed to remove unbound antibody. A substrate
solution was added and color development was stopped after
25 minutes at room temperature. A microplate reader was then
used to determine colorimetric densities at 490 nm for each
sample. Results were calculated from a standard curve gener-
ated by a form parametric logistic curve fit and expressed in
pg/mL of serum. VCAM levels were measured with Biosource
kit (Biosource, Inc., Camarillo, CA, USA) used according to the
manufacturer’s instructions.

Results

Statistical analysis of the study includes 55 persons, of whom
35 were enrolled in the patient group. Mean age was 59.7
years. Stages were TTNO (7 patients), T2NO (21 patients), T3NO
(4 patients), T3NT (2 patients), and T4N2 (1 patient).
The mean serum concentration of VEGF for the healthy con-
trol group was 19 pg/ml (13-168 pg/ml) and interquartile
range was 8. The mean serum VEGF level for the patient group
was 45 pg/ml (21-472 pg/mL) and IQR was 69. In the patient
group, VEGF levels were not uniformly distributed (p<0.0001
Kolmogorov-Smirnov test and p=0.010 Shapiro-Wilkinson test).
Also in the control group, VEGF levels were not uniformly dis-
tributed (p<0.0001 Kolmogorov-Smirnov test and p=0.010 Sha-
piro-Wilkinson test). The mean serum concentration of VCAM
for the healthy control group was 415.90 ng/mL (260-550
ng/mL) and standard deviation was 101.92. The mean serum
VCAM level for the patient group was 450.5 ng/mL (260-1125
ng/mL) and IQR was 145.50. In the patient group, VCAM levels
were not uniformly distributed (p=0.002 Kolmogorov-Smirnov
test and p=0.010 Shapiro-Wilkinson test). In the control group,
VCAM levels were uniformly distributed (p=0.200 Kolmogorov-
Smirnov test and p=0.436 Shapiro-Wilkinson test).

Mean VEGF levels compared with Mann-Whitney U test be-
tween the patient and the control group were significantly
higher in the patient group (p=0.001).

Mean VCAM levels compared with Mann-Whitney U test be-
tween the control and the patient group showed no significant
difference between the groups (p=0.602).

In the patient group, for VEGF levels compared on the basis of
the T stage of the disease, there was no difference between the
groups (p=0.392) (Table 1).

In the patient group, for VEGF levels compared on the basis of
the N stage of the disease, there was no difference between
the groups (p=0.402) (Table 2).

In the patient group, for VCAM levels compared on the basis
of the stage of the disease, there was a significant difference
between the groups (p<0.0001) (Table 3).
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In the patient group, for VCAM levels compared on the basis of
the N stage of the disease, there was a significant difference
between the groups (p<0.0001) (Table 4).

Table 1. Comparison of VEGF levels and T Stage

T Stage Value Mean VEGF p(Jonckheere
level(pg/ml) Tersptra test)
T1 7 413
T2 21 65.0 0.392
T3 6 39.0
T4 1 37.0
Table 2. Comparison of VEGF levels and N Stage
N Stage Value Mean VEGF p(Jonckheere
level(pg/ml) Tersptra test)
NO 31 40.8
N1 3 39.0 0.402
N2 1 37.0
Table 3. Comparison of VCAM levels and T Stage
T Stage Value MeanVCAM p(Jonckheere
level(pg/ml) Tersptra test)
T 7 352
T2 21 434 <0.0001
T3 6 505
T4 1 1125
Table 4. Comparison of VCAM levels and N Stage
T Stage Value MeanVCAM p(Jonckheere
level(pg/ml) Tersptra test)
NO 31 443.0
N1 3 522.5 <0.0001
N2 1 1125.0
Discussion

Head and neck cancers include a heterogeneous group of ma-
lignant tumors involving various anatomical sites, such as the
oral cavity, oropharynx, hypopharynx, and larynx. Predominantly,
these tumors are squamous cell carcinomas originating from
the epithelium that lines the upper aerodigestive tract. Squa-
mous cell carcinomas of the head and neck have the sixth high-
est incidence rate globally. There is considerable geographi-
cal heterogeneity in incidence rates that can be attributed to
the differences in the distribution of associated risk factors.
Despite advances in the treatment, including surgery, radio-
therapy, and chemotherapy, the 5-year survival is still <50%.
Thus HNSCC is associated with considerable disease-related
mortality and treatment-related morbidity [18]. Loco-regional
recurrences are seen in 30-40% of patients, distant metastasis
in 20-30% of cases, while still others present with secondary
primary tumors [18]. Tumor site, size, thickness, involvement
of adjacent structures, presence of extracapsular spread, and
perivascular and perineural invasion are some of the factors
that have prognostic significance. However, the most important
prognostic indicator affecting the overall and disease-free sur-
vival is the presence of regional cervical lymph node metasta-
ses. This factor alone reduces the survival rates by 50%.

Early diagnosis and evaluation of prognosis at the time of de-
tection of head and neck squamous cell carcinomas (HNSCC)
are important. However, there is still a lack of dependable his-

tological or biochemical parameters. Some studies have con-
cluded that the definition of sensitive and specific parameters
for prognosis and for treatment protocols needs to be more
accurate and specific [13]. Recent prognostic parameters have
become important for the use of different treatment modalities
[13]. However, there is still no consensus on these molecules for
clinical purposes [14].

In the literature, many molecules have been proposed as prog-
nostic factors [13-15]. It has been shown that elevated expres-
sion of VEGF has a negative effect on the prognosis of tongue
squamous cell carcinomas [14]. Bowden et al. also determined
that elevated expression of VEGF mRNA increases the tumor
aggression and risk of metastasis in skin squamous cell carci-
nomas [13]. In the literature, there are studies on the levels of
VEGF in the circulation of different cancer types. Teknos et al.
studied serum VEGF levels in high stage laryngeal carcinoma
patients and showed that serum VEGF levels have prognostic
value since high levels of VEGF correlate with low survival rates
[4]. After discovering the relation of angiogenesis to tumor
growth and metastasis, studies focused on treatment. Torabi-
nia et al. showed significantly higher expression of VEGF (as
assessed by immunostaining) in squamous cell carcinoma of
the oral cavity (OSCC), which is clinically one of the most com-
mon sites of the origin of head and neck cancers, as compared
to dysplastic or normal mucosa. Other studies have also as-
sessed the role of VEGF family members, receptors and other
angiogenic factors in OSCC in relation to tumor stage, severity,
presence of metastasis, and survival [18].

Use of chemotherapy decreases tumor microvessel density
and decreases VEGF levels in the circulation [4]. It is believed
that VEGF levels can be a predictive factor. However, studies
conducted to show the relationship between the VEGF levels
and tumor aggression and metastatic capability in premalign
lesions and dysplasias have concluded that VEGF levels may
not predict the tumor aggression or premalign lesions [1,2,3].
Ninck et al. suggested that therapies targeting only one factor
would fail because there are many other factors affecting the
angiogenesis [5].

In our study, we showed that VEGF levels in the patient group
were significantly higher than in the control group (p=0.001).
However, when comparing the VEGF levels of different stages,
there was no statistically significant difference between the
stages. Based on this finding, determination of serum VEGF lev-
els can provide sufficient information for the early diagnosis of
the disease but cannot be used to predict prognosis. With this
finding, we concluded that VEGF may not be used as a prognos-
tic factor, but further studies are needed to confirm the results.
Recently conducted studies revealed the importance of adhe-
sion process in tumor biology [17]. The existence of adhesion
molecules in circulation has been shown in head and neck carci-
nomas [15-21]. One of the most important adhesion molecules
is the vascular cell adhesion molecule. VCAM-1 is suggested as
a new and heretofore underestimated target in cancer treat-
ment and in clinical diagnosis of malignancies.

One of the earliest studies on adhesion molecules in circulation
stated that transformation of the tumor from benign form to
malign form, tumor cell invasion, extracellular matrix degrada-
tion, and tumor cell adhesion processes should be functional
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[17]. Another study on adhesion molecules postulated that
adhesion molecules in circulation facilitates the metastatic
process of the neoplasms [16]. Kuzu et al. showed that VCAM
is found only in tumor tissues and not in normal tissues [15].
Banks reported elevated VCAM-1 levels in serum of 110 cancer
patients for the first time [16].

There is a connection between VEGF and VCAM [20]. Studies
reported on an upregulation of VCAM-1 after VEGF stimula-
tion of endothelial cells [20]. Most of the studies concluded that
augmented levels of VCAM-1 are associated with advanced on-
cogenesis, as for instance in stage 4 breast cancer patients
[19,21]. Furthermore, the development of lymphedema after
breast cancer surgery also correlated with VCAM expression
and VCAM was markedly increased after a dose-dense regimen
of chemotherapy [21]. Similar findings could be obtained in
colorectal cancer patients, where VCAM was revealed as a bio-
marker for overall survival and post-operative recurrence [20].
Beside the utilization of VCAM-1 as a marker for cancer pro-
gression, blockade of endothelial VCAM-1 adhesive functions
appears promising to interfere with cancer diseases [19]. How-
ever, direct blocking approaches of VCAM-1 by small molecules
or antibodies have not been described yet. Hence, several drugs
with miscellaneous indications exhibit anti-adhesive effects on
T cells due to a downregulation of VCAM-1 and other adhesion
molecules on endothelial cells [19].

Our study showed that the difference of VCAM levels between
the patient and the control groups were statistically insignifi-
cant (p=0.602). With this result, we believe that the VCAM mol-
ecule is not sufficiently sensitive and specific to be a tumor
marker, but to make distinction with other positive studies, fu-
ture studies are needed.

We also found out that VCAM levels between disease stages
were statistically significant (p<0.0001). VCAM levels were also
significant between the stages on the basis of lymph node me-
tastasis.

Outcome of the study showed that VCAM levels were not spe-
cific and sensitive to use as a tumor marker but it may be a
valuable factor to determine the prognosis and tumor aggres-
sion in cancer patients.
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